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Dioxo rhenium(V) species, especially with pyridyl-type ligands, have

attracted significant interest recently - both on account of their

electrochemical properties. and their photophysical and photochemical

reactivity characteristics.2.3 We have been examining these species from the

point of view of multi-electron transfer kinetics (i.e. Re(V) = Re(III) and

Re(V) = Re(II)), especially at electrochemical interfaces. In the course of

those studies we have had occasion to introduce relatively minor modifications

to the ligand environment. One of these - the replacement of a pair of

pvridine(py) ligands by 2,2'-bipyridine(bpy) in the prototypical complex,

crans-(O)2Re(py)4  - had profound chemical consequences. Formal potentials

shifted by up to 600 mV, photophysical activity disappeared, and a rare

display of three-electron redox chemistry emerged at high pH's. Furthermore,

the kinetics of the multi-electron electrochemical reduction were greatly

accelerated. Finally, there were marked changes in NMR, Raman LV-vis and

infrared spectra.

On the basis of extensive circumstantial evidence we were forced to

conclude that the changes were brought about by trans to cis isomerization

upon bpy substitution. (The conclusion was particularly attractive, however,

because it could account for the rather remarkable kinetic effects.) It was

noted, nevertheless, that a rigorous structural assignment was impossible

based upon either magnetic or vibrational spectroscopy - the reason being that

both cis- and trans-(O)2Re(bpy)(py) 2  would possess C2V symmetry. '
5

Furthermore, there were theoretical reasons to doubt the cis geometry.6

We now report, based upon x-ray crystal structure investigations,' that

the product of bipyridyl substitution at trans-(O) 2Re(py)4  is indeed cis-

(O)2Re(bpy)(py) 2*. To our knowledge this is one of only two confirmed
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examples of a hexacoordinate d2 metal complex with cis-dioxo structure.' 9  (It

should be noted, however, that two additional examples have been proposed by

Mever and co-workers.--" based on polypyridyl complexation of oxidation state

VI of either osmium or ruthenium. The osmium complex is moderately stable and

has been isolated as a perchlorate salt;i0 the Ru species displays only a

transient solution existence." Neither has been confirmed by

crystallographic measurements. Nevertheless, in view of the present findinzs

the earlier structural assignments almost certainlv are correct.)

For the current work a powdered sample of cis-[(O)2Re(bpy)(py)2(ClO)

was prepared and purified as described by Ram, et al.' Red crystals of x-ray

quality (ca. 0.4 mm diameter) were obtained (-3 days) by dissolution of the

powder in an acetone/ethyl acetate mixture, followed by cooling to - 30CC. 12

An ORTEP drawing of the complex cation is shown in figure 1. The Re

atom is present within a distorted octahedral environment. The cis-(O)zRe

moiety is characterized by Re-O bond lengths of 1.733(8) A and 1.736(7) A and

an O=Re-O bond angle of 121.4(4). The Re-O bond lengths are only slightly

shorter than those found in the d2 trans complexes [(0)2Re(py),]Cl and

'(O)2Re(ethylenediamine) Cl 3 They also compare very well to those found in

a trigonal bipyramidal cis-(O)2Re species.i
4 The O-Re-O angle, however, is

much smaller in (O)2Re(bpy)(py), than in the five-coordinate structure

(138.7(6)°).:4 On the other hand, it is appreciably larger than in most d-

cis-dioxo complexes.'5 ' 6 The bipyridine Nl-Re-Nl' "bite" angle is 70.6(3)3, a

quite typical value for bpy complexes. Likewise the inter-ring "twist" of

.2' is typical of transition-metal bpy complexes. 7  Finally, it is worth

noting that the pyridyl ligands are tilted significantly towards the cis-

0O)PRe moiety. Thus the dihedral angles between the (O)2Re plane and the NI
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and N3 rings are 74.60 and 74.80 respectively. (The Nl-Re-N3 angle itself is

169.0(3).) At present, we have no explanation for this peculiar geometry.

In view of Mingos' work,6 the cis configuration is perhaps not the most

stable form thermodynamically for (O)zRe(bpy)(py)2>
1 3  Evidence of chemical

instability comes from solution studies" and from the detection of

pyridineH ClO4 - in the sample. Obviously, the appearance of the cis structure

at the expense of the trans would then reflect a kinetic preference at some

stage in the substitution process. Although we have not p...,,ed the issues of

substitution kinetics or mechanism, one simple sequence which might account

for the isomerization would be the following: a

F +
RI e ,-+YP ;

.pyo

The crucial second step presumably would be driven bv the need to relieve

steric crowding at the a-sites on adjacent pyridine ligands.
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18. The studies by Meyer and co-workersi '11 of (O)2Ru(bpy)z
2 + and

(O)2Os(bpy)z 2 clearly support this contention. A referee has pointed

out, however, that in (O) 2Re(bpy)(py) 2
+ the i-donating oxo ligands might

be sufficiently stabilized by the n-accepting bipyridyl ligand in a

trans configuration (relative to the oxo groups) to render the cis dioxo

species the more stable isomer. Obviously, a definitive resolution will

require the synthesis of one or both trans isomers - a goal which has

thus far proven elusive.

19. A reviewer has argued (based on the work of Kashani and Murmann, Int. J.

Chem. Kinet., 1985, 17, 1005) that a six coordinate intermediate,

Re(py) 3(H20)(O) 2 , is more likely. (It is worth noting that neither

intermediate has been isolated.) While we have no strong feelings on

this point, we are inclined to favor the five-coordinate pathway. One

piece of evidence in support of isomerization via a pentacoordinate

species is a recently discovered route to cis-(O) 2Re(bpy)(py) 2' through a

known20 five-coordinate precursor, (O)2Re(py) 2I (M. S. Ram, unpublished).

20 Freni, M.; Giusto, D.; Romiti, P.; Minghetti, G., Gazz. Chim. Ital.,

1969, 99, 286.



Figure caption: ORTEP drawing of Cis-(O) 2 Re(bpy)(py)2*>
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